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ABSTRACT
The paper presents preliminary results of legal and illegal settlement 
extraction in Pulau Gaya, Sabah using high resolution Quickbird and SPOT-
5 multi-spectral imageries using automated house detection technique. The 
technique developed is spatial-based using tree counting approach. From 
the results, edge to edge of the house features was found precisely separated 
and can be delineated between houses that less than 2m distance. Results 
show that the technique able to delineate legal houses from Quickbird 
image more than SPOT-5. Differs results would be due to different spatial 
and spectral resolution of images. 
-eywords Quickbird, SPOT, spatial ſlter, tree counting 
INTRODUCTION
#FGSWCVG MPQYNGFIG QH VJG UK\G CPF URCVKCN FKUVTKDWVKQP QH JWOCP 
RQRWNCVKQP KU GUUGPVKCN KP FGVGTOKPKPI CPF FGTKXKPI OGCPKPIHWN KPFKECVQTU 
QH JGCNVJ UVCVWU JGCNVJ UGTXKEGU CPF JGCNVJ U[UVGOU HQT YJKEJ RQRWNCVKQP 
FCVC CTG WUGF CU FGPQOKPCVQTU 6TCFKVKQPCNN[ EGPUWU FCVC JCXG DGGP VJG 
RTKOCT[ UQWTEG QH KPHQTOCVKQP QP RQRWNCVKQP FKUVTKDWVKQP CPF FGOQITCRJKE 
EJCTCEVGTKUVKEU VQ CUUGUU JWOCP GZRQUWTGU CPF TKUMU VQ JGCNVJ QWVEQOG 
%QPVKPWQWU OKITCVKQP ƀQYU JCXG NCTIGN[ EQPVTKDWVGF VQ CP KPETGCUG QH VJG 
WPUVTWEVWTGF DWKNVWR CTGCU 
5VCUQNNC CPF )CODC 2 1PG QH VJG OCKP 
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GHHGEVU QH UWEJ C UKVWCVKQP KU VJG VTCPUHQTOCVKQP QH UGVVNGOGPV UVTWEVWTGU 
7PUVTWEVWTGF 
KPHQTOCN JWOCP UGVVNGOGPVU CTG WUWCNN[ FGſPGF CU FGPUG 
UGVVNGOGPVU EQORTKUKPI EQOOWPKVKGU JQWUGF KP UGNH EQPUVTWEVGF UJGNVGTU 
WPFGT EQPFKVKQPU QH KPHQTOCN QT VTCFKVKQPCN NCPF VGPWTG 
#ESWC 5VCUQNNC CPF 
)CODC 2 6JG[ CTG EQOOQP HGCVWTGU QH FGXGNQRKPI EQWPVTKGU CPF CTG 
V[RKECNN[ VJG RTQFWEV QH CP WTIGPV PGGF HQT UJGNVGT D[ RQQT RGQRNG GURGEKCNN[ 
KP CP WTDCP EQPVGZV 6JGUG CTGCU CTG EJCTCEVGTK\GF D[ TCRKF WPUVTWEVWTGF 
WPRNCPPGF FGXGNQROGPV CPF PQ XKCDNG YC[ KU PQY CXCKNCDNG HQT CP GZVGPUKXG 
GHſEKGPV OQPKVQTKPI QH VJGUG CTGCU *QYGXGT UQOG EQWPVTKGU 
CPF PQV 
VJG FGXGNQRKPI EQWPVTKGU JCXG FKHſEWNVKGU EQPFWEVKPI EGPUWUGU YJGTGCU 
QVJGTU JCXG PQ EGPUWUGU CV CNN 6JGUG FKHſEWNVKGU CTG FWG VQ WPCHHQTFCDNG 
EQUVU ICRU KP VJG EKXKN TGIKUVTCVKQP U[UVGO GZVGPUKXG RQRWNCVKQP OQXGOGPV 

GI TWTCN KPCEEGUUKDNG TGOQVG CTGCU JKIJ TCVGU QH RQRWNCVKQP ITQYVJ CPF 
RQNKVKECN VTQWDNGU  +P OCP[ ECUGU CNUQ EGPUWU VTCEVU FQ PQV EQPHQTO VQ QT 
PGUV YKVJKP VJG QVJGT URCVKCN UVTWEVWTGU HQT YJKEJ KPHQTOCVKQP KU CXCKNCDNG 
UQ VJCV RQRWNCVKQP FCVC OC[ PGGF VQ DG VTCPUNCVGF DGVYGGP FKHHGTGPV URCVKCN 
UVTWEVWTGU HQT VJG RWTRQUG QH FCVC NKPMCIG CPF CPCN[UKU 
$TKIIU GV CN 2
5CVGNNKVG TGOQVG UGPUKPI QHHGTU C EJGCR CPF GHHGEVKXG UQNWVKQP VQ OCR 
UGVVNGOGPVU CPF OQPKVQTKPI WTDCPK\CVKQP CV TCPIG QH URCVKCN UECNGU 
6CVGO 
2 6JG UVWFKGU QP JWOCP UGVVNGOGPV CTG CNYC[U DGKPI VJG ETKVKECN KUUWG 
QXGT VJG YQTNF DGECWUG VJG KORCEV QP VJG GPXKTQPOGPV 
'5%#2 2 
'HHGEVKXG OCPCIGOGPV QH JWOCP UGVVNGOGPVU YCU TGEQIPK\GF CU CP KORQTVCPV 
RTGTGSWKUKVG HQT GPXKTQPOGPVCNN[ UQWPF CPF UWUVCKPCDNG FGXGNQROGPV 

*GKP\NG et al 22 5VTCVGIKECNN[ KV KU KORQTVCPV VQ UVWF[ VJG RCVVGTP QH 
JWOCP UGVVNGOGPV UQ VJCV VJG KORCEV QH UGVVNGOGPV VQ GPXKTQPOGPV ECP DG 
GXCNWCVGF 
#DDQVV 21 6JG CFXGPV QH XGT[ JKIJ URCVKCN TGUQNWVKQP UCVGNNKVG 
KOCIGU CPF FKIKVCN KOCIGU RTQEGUUKPI VGEJPKSWGU TGPGYGF VJG KPVGTGUV KP 
WUKPI TGOQVG UGPUKPI VQ GUVKOCVG JWOCP RQRWNCVKQP EQWPVU $QVJ UGPUQTU 
JCXG Ů  OGVGT URCVKCN TGUQNWVKQP UGGOU UWHſEKGPV VQ FKUETKOKPCVG KPFKXKFWCN 
HGCVWTGU 
GI DWKNFKPIU UVTGGVU CPF VTGGU YKVJKP VJG WTDCP OQUCKE
STUDY AREA
2WNCW )C[C KU QPG QH VJG KUNCPFU KP 5CDCJ UKVWCVGF KP $QTPGQ +UNCPF 6JG 
CTGC JCU DGGP IC\GVVGF CU C 0CVKQPCN /CTKPG 2CTM TKEJ YKVJ PCVWTCN TGUQWTEGU 
UWEJ CU EQTCN TGGHU ſUJGU OCPITQXGU EQCUVCN XGIGVCVKQP CPF DGCWVKHWN 
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DGCEJGU YKVJ ENGCT DNWG YCVGTU 
/CKRQN 21 6JG GZKUVKPI QH KPHQTOCN 
UGVVNGOGPV CV VJKU CTGC KU QPG QH VJG HCEVQTU VJCV NGCF VQ GPXKTQPOGPVCN KUUWG 
UWEJ CU XGIGVCVKQP NQUU GPXKTQPOGPVCN RQNNWVKQP YCVGT UJQTVCIG KPETGCUKPI 
FGOCPFU QH PCVWTCN TGUQWTEGU RTQDNGO YKVJ FTCKPCIG U[UVGO CPF CNUQ 
YCUVG FKURQUCN RTQDNGO 
/CKRQN 21 /QTGQXGT KV KU FKHſEWNV VQ NQECN 
CWVJQTKV[ VQ OQPKVQT VJG RCVVGTP QH UGVVNGOGPV D[ EQPXGPVKQPCN OGVJQF 
6JKU KU DGECWUG UGVVNGOGPVU CTG JKIJN[ EQPFGPUGF CPF FKHſEWNV VQ CEEGUU 
HQT UWTXG[ 
-CTKUJOC et al 2 6JWU KV KU KORQTVCPV VQ EQPFWEV VJG 
UVWF[ QP JQY VQ OQPKVQT VJG GZKUVGPEG QH KPHQTOCN UGVVNGOGPV EQPVKPWQWUN[ 
CPF NGUU VKOG EQPUWOKPI 2WNCW )C[C YKVJ KVU NGPIVJ QH 1 OKNGU UJQTGNKPG 
KU VJG NCTIGUV KUNCPF KP 6WPMW #DFWN 4CJOCP 2CTM 2TQXKFKPI UJGNVGT VQ 
SWCKPV ƀQCVKPI RQRWNCVKQP QH DQVJ /CNC[ CPF (KNKRKPQ TGHWIGGU 2WNCW )C[C 
KPVGTGUVKPIN[ QDVCKPGF KVU PCOG HTQO VJG $CLCW YQTF ő)C[QŒ YJKEJ OGCPU 
DKI 6JG KUNCPF KU EQXGTGF D[ RTKUVKPG EQCUVCN &KRVGTQECTR HQTGUV Ō VJG QPN[ 
QPG WPFKUVWTDGF UQ HCT KP 5CDCJ 5WEJ GZEGNNGPV UVCPFKPI KU NCTIGN[ FWG 
VQ 2WNCW )C[C JCU DGGP FGENCTGF C HQTGUV TGUGTXG DGHQTG KVU GUVCDNKUJOGPV 
KPVQ VJG 2CTM 
6CWRGM CPF #KP[ 21 (KIWTG 1 UJQYU VJG UVWF[ CTGC HQT 
VJKU UVWF[ 2WNCW )C[C 5CDCJ 1PG QH VJG XKNNCIGU CV 2WNCW )C[C KU -I 
2QPFQ KU QPG QH ſXG USWCVVGT UGVVNGOGPVU QP VJG HTKPIGU QH FGPUGN[ LWPING 
2WNCW )C[C +UNCPF KP VJG ETQUUJCKTU QH RQNKEG CPF KOOKITCVKQP KPURGEVQTU 
YJGTGCU KOOKITCPV CPF RQQT NQECN TGUKFGPV NKXGU JGTG  6JG KOCIGU WUGF KP 
VJKU UVWF[ CTG 5216 KOCIG FCVGF 2VJ #RTKN 2 CPF 3WKEMDKTF KOCIG 
YGTG CESWKTGF CV 2VJ #RTKN 2 RTQXKFGF D[ /CNC[UKCP 4GOQVG 5GPUKPI 
#IGPE[ 
/45# $QVJ KOCIGU EQXGTU VJG GPVKTG 2WNCW )C[C CV uŏŒ 0 
11u2ŏŒ 0 CPF uŏŒ 0 11uŏŒ 0 
Figure 1: Pulau Gaya, Sabah (drawn not to scale)
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RESULTS AND ANALYSIS 
House Detection Technique
.KPGCT GPJCPEGOGPV JCU KORTQXGF QXGTCNN EQPVTCUV QH VJG KOCIGU D[ 
UVTGVEJKPI VJG OKPKOWO CPF VJG OCZKOWO QH VJG XCNWGU KOCIG QXGT VJG 
GPVKTG QH VJG CXCKNCDNG F[PCOKE TCPIG 
(KIWTG 2 
D E
Figure 2: Image after linear enhancement (a) SPOT-5 (b) Quickbird II
&KHHGTGPV EQODKPCVKQPU QH KOCIG DCPF YGTG CRRNKGF CHVGT GPJCPEGOGPV 
RTQEGUU 
(KIWTG  4GUWNVU UJQY VJG EQODKPCVKQP DGVYGGP DCPF   CPF 2 
YCU ENGCTN[ KFGPVKſGF DGVYGGP DWKNFKPI 
JQWUG CPF NCPF CTGC
E%DQGD%DQG G%DQGF%DQG
Figure 3: Band Combination technique for Quickbird II image: 
(a) Band 4, 3, 2 (b) Band 1, 2, 3 (c) 1, 2, 4 (d) Band 2, 3, 4.
6JGP TCVKQ DGVYGGP 4GF )TGGP CPF 0GCTKPHTC TGF 
0+4 YGTG CRRNKGF 
QP VJG 3WKEMDKTF KOCIG 4GUWNVU UJQYU VJCV VJG DGUV DCPF TCVKQ KU TCVKQ 
DGVYGGP 0+4 CPF )TGGP DCPF VJGP NCVGT YKNN DG WUGF HQT HWTVJGT CPCN[UKU 
7UKPI VJKU EQODKPCVKQP VJTGG ENCUUGU CTG YCVGT NCPF CPF JQWUG HGCVWTGU 
ECP DG FKUVKPIWKUJGF RTGEKUGN[ 
(KIWTG 
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Figure 4: Band ratio of NIR/Green band (760-900/630-690)
House Extraction
)CWUUKQP ſNVGT YKVJ  :  YKPFQYU YCU RGTHQTOGF HQT FGNKPGCVKPI 
VJG GFIG JQWUG HGCVWTGU UWDUGSWGPVN[ YKVJ C  :  YKPFQYU HQT KPPGT 
JKIJ KPVGPUKV[ FKCOGVGT QH VJG JQWUG CTGC CPF ſPCNN[ VJG KPFKXKFWCN JQWUG 
EGPVTQKF YGTG OCTMGF QWV WUKPI KOCIG VJTGUJQNF VGEJPKSWG 6JTQWIJ VJG 
ſNVGT GHHGEVKXGN[ UGRCTCVKQP ECP DG FQPG DGVYGGP NCPF CPF JQWUGU 
D E

F
G

H I
)LJXUHD*DXVVLDQ¿OWHUE7\SH/DSODFLDQ(GJHGHWHFWRU)LOWHU
F7\SH/DSODFLDQHGJHGHWHFWRU¿OWHUG6REHO(GJH'HWHFWRU)LOWHU
(e) Prewitt Edge Detector Filter (f) Edge Sharpening Filter
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House Delineation
8GEVQTK\CVKQP RTQEGUU YCU CRRNKGF VQ FGNKPGCVG JQWUG HGCVWTGU HQT DQVJ 
HQTOCN CPF KPHQTOCN 6JG RTQEGUU YCU GUUGPVKCN KP QTFGT VQ FGVGEV VJG PWODGT 
QH UGVVNGOGPVU KP 2WNCW )C[C  #EEQTFKPI VQ -CTKUJOC et al 
2 QPG 
QH VJG ETKVGTKC QH KPHQTOCN UGVVNGOGPV KU JKIJGT FGPUKV[ $GUKFGU KPHQTOCN 
UGVVNGOGPV JCU NCEM QH DCUKE UGTXKEGU KPCFGSWCVG DWKNFKPI UVTWEVWTG CPF 
QXGTETQYFKPI /GCUWTGF FKUVCPEG HQT KNNGICN JQWUGU KU NGUU VJCP 2 OGVGT 

(KIWTG  
D E
Figure 6: Zoom in housing structure from Quickbird image and distance 
measured using PCI function for (a) formal settlement 
(b) informal settlement
(TQO VJG TGUWNVU DQVJ HQTOCN CPF KPHQTOCN ECP DG KFGPVKſGF HTQO 
3WKEMDKTF ++ KOCIGT[ $QVJ QH VJG KOCIGU YGTG FKXKFGF KPVQ ſXG TGIKQPU -I 
2WNCW )C[C -I .WDWM 7TCK -I 2CUKT 2WVKJ -I 2QPFQ 
(KIWTG  &WG VQ 
ENQWF EQXGT QPN[ VJTGG CTGCU ECP DG KFGPVKſGF HTQO 5216 KOCIG 
(KIWTG 
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D E F
G H
Figure 7: House delineation process on Quickbird image (a) Kg. Pulau Gaya 
(informal) (b) Kg. Pulau Gaya (formal) (c) Kg. Lubuk Urai (informal) 
(d) Kg. Pasir Putih (formal) (e) Kg. Pondo (informal)
D E F
Figure 8: House delineation processes on SPOT pan image (a) Kg. Pulau 
Gaya (informal) (b) Kg. Lubuk Urai (informal) (c) Kg. Pondo (informal). 
2QO\WKUHHYLOODJHVFDQEHLGHQWL¿HGGXHWRFORXGFRYHU
some parts of Pulau Gaya image.
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DISCUSSION
%QWPVKPI VGEJPKSWG YCU CRRNKGF VQ EQWPV VJG PWODGT QH KPHQTOCN CPF HQTOCN 
UGVVNGOGPV HTQO DQVJ KOCIGU (TQO 6CDNG 2 VJG PWODGT QH JQWUGU UVTWEVWTG 
EQWPVGF CV ſXG TGIKQPU 
-I 2WNCW )C[C -I .WDWM 7TCK -I 2CUKT 2WVKJ 
-I 2QPFQ 6JG VQVCN PWODGT QH JQWUG EQWPVGF FGTKXGU HTQO 5216 KOCIG 
YCU  HQT KPHQTOCN UGVVNGOGPV CV -I 2WNCW )C[C -I 2QPFQ CPF -I 
.WDWM 7TCK DWV PQV CXCKNCDNG HQT KPHQTOCN UGVVNGOGPV CV -I 2CUKT 2WVKJ 
CPF -I 2WNCW )C[C FWG VQ ENQWF EQXGT /GCPYJKNG 2 EQWPVGF JQWUGU 
HQT HQTOCN UGVVNGOGV CV -I 2CUKT 2WVKJ CPF -I 2WNCW )C[C FGTKXGU HTQO 
3WKEMDKTF +PHQTOCN UGVVNGOGPV WUKPI VJG VGEJPKSWG WUGF OCPCIGF VQ EQWPV 
CDQWV 1 JQWUGU HQT VJTGG CTGCU CTG -I 2WNCW )C[C -I 2QPFQ CPF -I 
.WDWM 7TCK .KOKVCVKQP QH VJKU YQTM KU VJGTG KU PQ ſGNF FCVC EQNNGEVKQP QT 
EGPUWU UVCVKUVKE HQT VJG UVWF[ CTGC CXCKNCDNG HQT XCNKFCVKQP (TQO VJG ſPFKPI 
CRRCTGPVN[ VJG PWODGT EQWPVGF HQT KPHQTOCN UGVVNGOGPV KU JKIJGT VJCP HQTOCN 
UGVVNGOGPV +P TGCNKV[ VJKU KU OCMG UGPUG VJG CTGC KPXQNXGF YGTG QEEWRKGF 
D[ VJG KOOKITCPV ƀQY &WG VQ CEEGUUKDKNKV[ CPF UCHGV[ TGCUQP NCEM QH 
OQPKVQTKPI CPF GPHQTEGOGPV QRGTCVKQP HTQO NQECN CWVJQTKV[ JCU DGGP FQPG 
6JKU JCF GPEQWTCIGF WPRNCPPGF JQWUG DWKNV YKVJKP VJG CTGC YKVJQWV VCMKPI 
CP[ EQPUKFGTCVKQP QH NCPF RQNKE[ RTQRGT WVKNKVKGU YCVGT UWRRN[ CPF ENGCP 
GPXKTQPOGPV 
6JG UWEEGUU QH CWVQOCVKE DWKNFKPI FGVGEVKQP KU UVKNN NCTIGN[ KORGFGF 
D[ UEGPG EQORNGZKV[ KPEQORNGVG EWG GZVTCEVKQP CPF UGPUQT FGRGPFGPE[ QH 
FCVC 
5QJP CPF &QYOCP 2 /QTGQXGT KOCIG SWCNKV[ OC[ XCT[ HQT VJG 
UCOG UEGPG GXGP KH KOCIGU CTG ECRVWTGU D[ VJG UCOG UGPUQT DWV CV FKHHGTGPV 
FCVGU CPF VKOGU 5Q YJGP FGVGEVKQP CNIQTKVJO KU CRRNKGF VQ VYQ FKHHGTGPV 
KOCIGU QH VJG UEGPG VJG QWVEQOGU OC[ YGNN DG FKHHGTGPV 
/QJCOOCF 
#YTCPILGD et al 212
CONCLUSION
+P VJKU RCRGT YG JCXG KPVTQFWEGF CP CWVQOCVGF EQWPVKPI VGEJPKSWG QH 
JWOCP UGVVNGOGPV HTQO TGOQVGN[ UGPUGF FCVC 6JG VGEJPKSWG FGXGNQRGF KP 
VJKU YQTM ECP GHſEKGPVN[ WUGF VQ RTQXKFG SWKEM FCVC HQT KPHQTOCN UGVVNGOGPV 
FCVC KPXGPVQT[ 6TGG EQWPVKPI VGEJPKSWG KU CFQRVGF VQ EQWPV VJG PWODGT QH 
JQWUGU CV UVWF[ CTGC HQT DQVJ HQTOCN CPF KPHQTOCN JQWUG UVTWEVWTG CV VJG 
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UVWF[ CTGC 1WT HWVWTG YQTM YKNN KPXQNXGU CWVQOCVGF RTQFWEVKQP QH OCRU 
QH JWOCP UGVVNGOGPV DCUGF QP QDLGEVQTKGPVGF CRRTQCEJ KPVGITCVGF YKVJ 
VGEJPKSWG WUGF KP VJKU YQTM 6Q OKPKOK\G HCNUG RQUKVKXGU HWVWTG YQTM 
YKNN GZRGTKOGPV YKVJ TQDWUVPGUU QH VJG CRRTQCEJ VQ IGQEWNVWTCN UGCUQPCN 
KNNWOKPCVKQP NQQMCPING XCTKCVKQPU CPF CFFKVKQPCN UVWF[ QP VJG RCTCOGVGT 
WUGF KP CEJ UVCIGU 6JG UECTEKV[ QH TGNKCDNG FCVC HQT OCR XCNKFCVKQP CPF 
VJG FKHſEWNV[ KP QDVCKPKPI QVJGT FCVC UWEJ CU EGPUWU UVCVKUVKEU CU VJG OCKP 
QDUVCENGU VQ UGVVNGOGPV OCRRKPI CV UVWF[ CTGC (KPFKPI QH VJKU UVWF[ KU VQ 
RTQXKFG VJG WUGHWN VGEJPKSWGU QP JQY VQ OQPKVQT KNNGICN UGVVNGOGPVU HTQO 
OWNVKUGPUQT FCVC CV 2WNCW )C[C 5CDCJ
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